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ABSTRACT
Aims Experience in the use of whole slide imaging
(WSI) for primary diagnosis in pathology is very limited.
We aimed to determine the accuracy of interpretation of
WSI compared with conventional light microscopy (CLM)
in the diagnosis of routine gynaecological biopsies.
Methods All gynaecological specimens (n=452)
received over a 2-month period at the Department of
Pathology of the Hospital Clinic of Barcelona were
analysed blindly by two gynaecological pathologists, one
using CLM and the other WSI. All slides were digitised
in a Ventana iScan HT (Roche diagnostics) at 200×.
All discrepant diagnoses were reviewed, and a ﬁnal
consensus diagnosis was established. The results were
evaluated by weighted κ statistics for two observers.
Results The level of interobserver agreement between
WSI and CLM evaluations was almost perfect (κ value:
0.914; 95% CI 0.879 to 0.949) and increased during
the study period: κ value 0.890; 95% CI 0.835 to
0.945 in the ﬁrst period and 0.941; 95%; CI 0.899 to
0.983 in the second period. Major discrepancies
(differences in clinical management or prognosis) were
observed in 9 cases (2.0%). All discrepancies consisted
of small lesions (8 high grade squamous intraepithelial
lesions of the uterine cervix, one lymph node
micrometastasis of an ovarian carcinoma)
underdiagnosed or missed in the WSI or the CLM
evaluation. Discrepancies with no or minor clinical
relevance were identiﬁed in 3.8% of the biopsies. No
discrepancy was related to the poor quality of the WSI
image.
Conclusions Diagnosis of gynaecological specimens by
WSI is accurate and may be introduced into routine
diagnosis.
INTRODUCTION
Whole slide imaging (WSI), also referred to as
virtual microscopy or digital pathology allows digit-
isation of entire glass slides to achieve the diagnosis
of pathological specimens. WSI scanners create a
digital slide of the tissue section which, with the
use of speciﬁc software, can be viewed and magni-
ﬁed in real time across the web very much like the
use of a conventional light microscope (CLM).1–3
WSI has been shown to have many practical appli-
cations including education,4–6 teleconsultation for
second opinions,7–10 intraoperative frozen section
consultation10 11 and quality assurance.12 13
Potential additional beneﬁts of WSI include
improvement of the workﬂow by eliminating the
task of slide distribution and facilitating slide ﬁling
and retrieval.1–3
The rapid advances in this technology and its
many potential beneﬁts will probably result in a
progressive shift from conventional to virtual
microscopy in the routine diagnosis in pathology.
Currently, several commercially available systems
are able to digitise glass slides containing tissue sec-
tions and produce virtual slides of excellent quality.
However, although WSI has been around for more
than a decade, its widespread application in
primary histological diagnosis still awaits validation
as opposed to traditional CLM. Moreover, despite
several pilot studies suggesting that WSI is as useful
as CLM for diagnostic purposes,14–22 WSI-based
diagnosis has yet to be integrated in routine patho-
logical studies, with a very small number of excep-
tions. The use of WSI in the routine practice of
pathology laboratories is still not common because
of difﬁculties in the integration between the WSI
software and the laboratory information systems
(LIS), insufﬁcient scanning speed and robustness,
and limitations in storage capacity and/or excessive
costs of ﬁle storage. The lack of systematic valid-
ation studies on their use in primary diagnosis is
also a major concern that hampers the introduction
of this technique.1 3
The College of American Pathologists Pathology
and Laboratory Quality Center has recently pub-
lished the guidelines for validating the use of WSI
for diagnostic purposes.3 According to these guide-
lines all laboratories should conduct their own val-
idation studies, and the validation should include at
least 60 samples. However, very few large valid-
ation studies have focused on pathology subspecial-
ties. Indeed, only one study has been published on
gynaecological disease, evaluating the correlation
between WSI and CLM in the assessment of the
diagnoses of frozen sections of 52 ovarian
lesions.11 No previous studies have evaluated the
accuracy of WSI diagnosis in the routine practice of
gynaecological pathology. In the present study we
aimed to determine the accuracy of interpretation
using WSI as compared with CLM in a series of
consecutive gynaecological specimens, representa-
tive of the spectrum of specimen types and diagno-
ses encountered in the routine practice of a large
academic department.
MATERIALS AND METHODS
Characteristics of the institution
This study was performed at the Department of
Pathology, Hospital Clinic (Barcelona, Spain), a
large academic department composed of 15 staff
pathologists, 8 residents and additional fellows.
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There are 14 subspecialties, and most pathologists limit their
practice to one or two subspecialty areas. In 2013 the
Department handled 41 928 specimens with 83 619 blocks. The
number of gynaecological specimens analysed during 2013 was
4909, with 16 805 blocks of gynaecological specimens and with
a median number of slides per case of 1.
Sample size calculation
Based on previous reports,15 23 the major rate of discrepancy
between the original diagnosis by CLM and that by WSI was
calculated to be 3%, with a non-inferiority margin for WSI
review of 4%. A one-sided binomial test was used for compari-
son at a level of signiﬁcance of 0.05. The power to be achieved
was 80%, and the level of signiﬁcance was 0.05. Based on these
assumptions, it was calculated that 450 cases would need to be
reviewed to establish non-inferiority.
Specimens included in the study
All gynaecological specimens consecutively received over a
2-month period ( July–August 2013) were included in the study
at the Department of Pathology of the Hospital Clinic of
Barcelona (n=452). This represented 9.21% (452/4909) of the
total number of gynaecological specimens evaluated in 2013:
353/452 (78.1%) specimens were evaluated in the 1st month
( July) and 99/452 (21.9%) in the 2nd month (August). Table 1
shows a summary of the location and type (either biopsy or resec-
tion) of the specimens, and the number of cases included for
each type. The number of blocks per case ranged from 1 to 30
(median 1, IQR 1–3). The overall number of slides scanned was
1253.
To evaluate possible changes associated with increasing
experience in the use of WSI over the study period and the
agreement between WSI and CLM observers, the 456 specimens
were divided into two periods: one including the ﬁrst 226 speci-
mens and the second including the last 226 specimens.
The Department of Gynecology of our hospital has a very
active referral Colposcopy Clinic.24 Consequently, the series
included 157 biopsies or excisions of the uterine cervix from
patients referred to colposcopy because of an abnormal Pap
smear. In addition to evaluation in the general analysis, these
specimens were evaluated independently.
The study was approved by the Hospital Clinic Institutional
Ethical Review Board.
Scanning process and characteristics of the WSI display
In July and August 2013 all the slides of gynaecological path-
ology were scanned daily after diagnosis by light microscopy.
Scanning was performed on a Ventana iScan HT (Roche
Diagnostics, Sant Cugat, Spain) at a magniﬁcation of 200×. The
system creates high-resolution digital images of the tissue sec-
tions. The whole scanning process runs automatically (including
selection of the area of the slide that contains tissue, placing
focus points, calibration, etc). In cases with step sections of a
sample on a single slide the system scans all the sections. No
speciﬁc quality control of the slides scanned was made by the
technicians prior to evaluation by the pathologist. The WSI pro-
duced are stored in a dedicated mass storage environment and
linked to the pathology report, based on the recognition of a
quick response (QR) code on the slide label. Although WSI can
be accessed through the pathology LIS software (Novopath,
Vitrosoft, Sevilla, Spain), for the purposes of this study the
accession to the WSI was made through the viewer.
The images are viewed in the Virtuoso viewer (Roche), which
works as a web browser and simulates a conventional micro-
scope. The images are shown using the same structure provided
by the LIS. No speciﬁc software installation is required to visual-
ise the WSI. The images scanned can be viewed up to a real
magniﬁcation of 200× and up to 400× with digital zoom, are
always in focus, with optimised contrast and adjusted illumin-
ation. The viewer shows a thumbnail of the whole slide, which
allows conﬁrmation that all the material present on the glass
slide has been included in the digital image and helps in the
navigation through the slide. Figure 1 shows the appearance of
the virtual microscope display.
The WSI were displayed on a 30” Coronis fusion MDC4130
monitor which has a resolution of four megapixels (Barco
Electronic Systems, Barcelona, Spain).
WSI and CLM diagnosis
All cases were analysed blindly by two gynaecological patholo-
gists, one using CLM and the other WSI. The pathologist doing
the WSI evaluations had previously had a 1-week training
course on the use of WSI. WSI were presented to the patholo-
gist per case, together with the original clinical information in
order to emulate the real clinical environment, and blinded to
the original report based on CLM. For the purposes of this
study only the H&E slides were evaluated.
The original CLM and the WSI-based diagnoses were com-
pared by an independent gynaecologist, who judged the con-
cordance of the two diagnoses as: (A) complete agreement
between the original diagnosis and that determined with WSI;
(B) minor discrepancy (mild differences which would not have
Table 1 Location and type (either small biopsies or surgical
resections) of the specimens evaluated in the study
Location Number (%) Biopsies Surgical specimens
Vulva 19 (4) 13 6
Vagina 12 (3) 12 1
Uterine cervix 125 (28) 93 32
Endocervix 46 (10) 46 0
Endometrium 60 (13) 52 8
Uterus 69 (15) 0 69
Fallopian tube 12 (3) 0 12
Ovary 36 (8) 0 36
Lymph nodes 44 (10) 0 44
Peritoneum 14 (3) 0 14
Other * 15 (3) 0 15
*Includes biopsies of the abdominal wall (1), large bowel (9), urinary bladder (4) and
ureter (1). Figure 1 Screenshot of the virtual microscope display.
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any clinical or prognostic implications); and (C) major discrep-
ancy (differences with clinical and/or prognostic implications for
the patient).
Final gold standard diagnosis
The gold standard was considered as the concordant diagnosis
in all cases with complete agreement in both evaluations. Each
case with a discrepant result was reviewed by the two patholo-
gists involved in the study. The revision was made using CLM,
and a ﬁnal consensus diagnosis was established. In this ﬁnal
adjudication process, the H&E slides, as well as the immunohis-
tochemical stains (when necessary) were used to achieve the
ﬁnal diagnosis.
Statistical analysis
The SPSS statistical programme (SPSS TM140, V.18, Chicago,
Illinois, USA) was used for statistical analysis. The results for cat-
egorical variables are expressed as absolute numbers and percen-
tages and 95% CIs. The χ2 or the Fisher’s exact tests were used
to compare the variables. The results were evaluated by
weighted κ statistics for two raters. This measure calculates the
degree of agreement in classiﬁcation over that which would be
expected by chance and is scored as a number between 0 and
1. Following the Landis-Koch benchmarks the strength of agree-
ment of the κ values is: 0 poor; 0–0.20 slight; 0.21–0.40 fair;
0.41–0.60 moderate; 0.61–0.80 substantial; 0.81–1.00 almost
perfect.25 For the purposes of weighted κ calculation the diag-
noses were categorised from normal to cancer as 1: normal
tissue or reactive lesions; 2: benign tumours; 3: low-grade pre-
malignant lesions; 4: high-grade premalignant lesions; and 5:
malignant tumours.
RESULTS
Final diagnoses
Overall, 218/452 specimens (48.2%) were evaluated as being
composed of normal tissue or showing reactive lesions; 130
(28.8%) were benign tumours, 18 (4.0%) were low-grade pre-
malignant lesions, 48 (10.6%) high grade premalignant lesions
and 38 (8.4%) showed malignant tumours. Table 2 shows the
distribution of these diagnoses for each speciﬁc site.
Agreement between WSI and CLM evaluations
Interpretations by WSI and CLM completely agreed in 94.2%
of the biopsies (95% CI 91.7 to 96.0) while major discrepancies
were observed in 9/452 (2.0%) and minor discrepancies were
identiﬁed in 17/452 (3.8%) of the biopsies.
The ﬁnal consensus diagnosis achieved after the adjudication
meeting was in agreement with the CLM evaluation in 7/9
(77.8%) major discrepancies and in 11/17 (64.7%) minor dis-
crepancies. Discrepancy in interpretations between WSI and
CLM evaluations occurred in only two settings. Eight out of the
nine major discrepancies (88.9%) observed in the study were
related to the diagnosis of a high-grade squamous intraepithelial
lesion (H-SIL) of the uterine cervix, as a low-grade squamous
intraepithelial lesion (L-SIL) or as negative (four cases each,
ﬁgure 2). The consensus diagnosis was in keeping with the
CLM evaluation in six of eight cases and with the WSI evalu-
ation in two of eight cases. The last case was a small lymph
node metastasis of an ovarian carcinoma missed in the WSI
evaluation (ﬁgure 3). In this latter case a small lipogranuloma
was identiﬁed close to the small metastatic nest missed in the
WSI evaluation. Thirteen out of the 17 minor discrepancies
were related to overdiagnosis or underdiagnosis of L-SIL. In 10
cases the L-SIL lesions were missed in the evaluation (8 in the
WSI and 2 in the CLM evaluation). Three cases were reactive
changes in the uterine cervix overdiagnosed as L-SIL (three
biopsies, two overdiagnosed in the WSI and one in the CLM
evaluation). Two cases of endometrial polyps were missed (one
case missed in the WSI evaluation) or overdiagnosed (one case,
overdiagnosed in the CLM evaluation). The other two minor
discrepancies were two small foci of endometriosis (one in the
ovary, one in the Fallopian tube) missed in the CLM evaluation.
None of the discrepancies was related to the poor quality of the
WSI image or to insufﬁcient magniﬁcation.
Overall the level of interobserver agreement between the WSI
and CLM evaluations was almost perfect (κ value: 0.914; 95%
CI 0.879 to 0.949).
Concordance in biopsies of the uterine cervix
and in other samples
In the subset of 157 biopsies or excisions of the uterine cervix
from patients referred to colposcopy because of abnormal Pap
smear, complete agreement was observed between the WSI and
CLM interpretations in 86.6% (95% CI 80.3 to 91.5) of the
biopsies. Major discrepancies were observed in 8/157 (5.1%)
and minor discrepancies in 13/157 (8.3%) of the samples. The
κ value for this subset of samples was 0.832 (95% CI 0.757 to
0.906).
In the 295 gynaecological specimens representing tissues other
than cervical biopsies and excisions, complete agreement between
WSI and CLM was observed in 98.3% (95% CI 96.1 to 99.4) of
the biopsies. Major discrepancies were observed in 1/295 (0.3%)
and minor discrepancies in 4/295 (1.4%) of the samples. The κ
value for this subset of samples was 0.976 (95% CI 0.950 to 1).
κ Analysis and discrepant diagnoses in the
two study periods
Interobserver agreement increased during the study period,
κ value: 0.890 (95% CI 0.835 to 0.945) in the ﬁrst period, and
κ value: 0.941 (95% CI 0.899 to 0.983) in the second period.
In the ﬁrst period of the study 5/226 (2.2%) major discrepancies
and 12/226 (5.3%) minor discrepancies were detected. The
number of major and minor discrepancies in the second period
was 4/226 (1.80%) and 5/226 (2.2%), respectively. Interestingly,
whereas the consensus gold standard diagnosis was in keeping
with the CLM diagnosis in 14/17 (82.4%) discrepancies
observed in the initial period, the consensus was in keeping
with the WSI evaluation in 5/9 discrepancies (55.5%) observed
in the second period (p=0.078).
DISCUSSION
The results of our study show a high concordance between WSI
and CLM evaluations (over 94%) in the diagnosis of a large
series of routine gynaecological specimens. The κ value, consid-
ered as a measure of the level of agreement among observers
corrected by chance, was at the almost perfect level (0. 914).
Thus, our results conﬁrm that WSI may safely be used for per-
forming primary histological diagnoses of gynaecological
specimens.
The results of our study are comparable with other valid-
ation studies conducted on skin,5 19 breast,14 26 prostate,17 27
urinary bladder,18 gastrointestinal8 20 and paediatric path-
ology,28 which show a high rate of concordance between WSI
and CLM-based diagnoses. However, no previous studies have
evaluated the accuracy of WSI diagnosis in the routine practice
of gynaecological pathology, and neither are there any data
about intraobserver or interobserver agreement in the evalu-
ation of routine gynaecological specimens using CLM. The rate
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of discrepancies observed in our study is within the range of
generally observed intraobserver variability in pathology.27 29
Interestingly, the ﬁnal consensus diagnosis was in agreement
with the WSI evaluation in 22.2% of the major discrepancies
and in 35.3% of the minor discrepancies. None of the
discrepancies was related to the poor quality of the WSI image
or to insufﬁcient magniﬁcation, but rather were mostly asso-
ciated with different interpretations of difﬁcult or borderline
cases or with the presence of small lesions overlooked in the
evaluation.
Table 2 Absolute numbers and percentages (in parenthesis) of specimens showing normal/reactive lesions, benign tumours, low-grade
premalignant, high-grade premalignant and malignant tumours in each location
Location Normal/reactive Benign tumours
Low-grade
premalignant lesions
High-grade
premalignant lesions Malignant tumours
Vulva 7 (36.8) 6 (31.6) 0 (0) 5 (26.3) 1 (5.3)
Vagina 8 (66.7) 0 (0) 0 (0) 0 (0) 4 (33.3)
Uterine cervix 64 (51.2) 3 (2.4) 16 (12.8) 37 (29.6) 5 (4.0)
Endocervix 30 (65.2) 9 (19.6) 2 (4.3) 3 (6.6) 2 (4.3)
Endometrium 29 (48.3) 28 (46.7) 0 (0) 1 (1.7) 2 (3.3)
Uterus 13 (18.8) 46 (66.7) 0 (0) 2 (2.9) 8 (11.6)
Fallopian tube 7 (58.3) 5 (41.7) 0 (0) 0 (0) 0 (0)
Ovary 8 (22.2) 24 (66.7) 0 (0) 0 (0) 4 (11.1)
Lymph nodes 41 (93.2) 0 (0) 0 (0) 0 (0) 3 (6.8)
Peritoneum 6 (42.9) 0 (0) 0 (0) 0 (0) 8 (57.1)
Other * 5 (33.3) 9 (60.0) 0 (0) 0 (0) 1 (6.7)
*Includes biopsies of the abdominal wall (1), large bowel (9), urinary bladder (4) and ureter (1).
Figure 2 One of the major discrepancies identiﬁed in the study: a small area of high-grade squamous intraepithelial lesion (H-SIL) involving the
squamous epithelium of the uterine cervix diagnosed as reactive changes in the whole slide imaging (WSI) evaluation. In the consensus meeting a
p16 staining was requested, which conﬁrmed the diagnosis of H-SIL rendered by conventional light microscopy (A and C, H&E; B and D p16
immunostaining; screenshots of the WSI image).
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Eight out of the nine discrepancies (88.9%) observed in the
study were related to the diagnosis of H-SIL as L-SIL or as nega-
tive or reactive changes in the uterine cervix (four cases each).
Similarly, 13 out of the 17 minor discrepancies (76.5%) were
related to discrepancies in the diagnosis of L-SIL lesions versus
normal/reactive cervical epithelium. Consequently, the κ value
for the subset of cervical biopsies or excisions from patients
referred because of abnormal Pap smear was 0.832, clearly lower
than the general value. A number of studies using CLM have
shown that there is a substantial variation between and
within-observers in the interpretation of squamous intraepithelial
lesions on H&E-stained tissue sections. Indeed, κ coefﬁcients are
typically found within the range of 0.45–0.50,29–36 indicating
moderate agreement. Estimates for the reproducibility of histo-
logical cervical specimen interpretations performed in the course
of the ASCUS/L-SIL Triage Study comparing the diagnostic
results of the original clinical centre pathologists with the results
from a quality control review35 showed that the reproducibility
of histological interpretations of biopsy specimens was moderate
(κ<0.5). In the latter study, the lack of reproducibility was sub-
stantially higher for punch biopsy specimens than loop excision
procedure specimens, and variability was more prominent in the
low-grade abnormalities, similar to what was observed in our
study. The p16 immunohistochemical stain, strongly expressed in
almost all H-SIL and not in reactive lesions,36 has recently been
recommended by the College of American Pathologists to reduce
interobserver variability, particularly in cases of professional dis-
agreement.37 This technique was used in our series to achieve the
ﬁnal consensus diagnosis in all disagreements between CLM and
WSI detected in biopsies of the uterine cervix.
The pathologist who performed the WSI evaluation had pre-
viously had very little experience in the use of WSI, although
this did not severely affect the reproducibility, even in the initial
period of the study. Nevertheless, a clear increase in the rate of
reproducibility was observed during the study period. This sug-
gests that minor difﬁculties may arise in the initial periods of
using this new tool and that increasing experience with WSI
increases the accuracy of the diagnosis. Moreover, whereas the
consensus diagnosis reached in the discrepant cases was in
keeping with the CLM diagnosis in most discrepancies observed
in the initial period (82.4%), in the second period there was a
tendency towards a more balanced situation and in 55.5% of
the cases the gold standard diagnosis was in keeping with the
WSI evaluation.
The pathologist working with WSI did not report difﬁculties
in rendering the diagnosis at the magniﬁcation of 200× applied,
Figure 3 Screenshots of the only major discrepancy observed in the study not related to cervical pathology; a small lymph node metastasis of an
ovarian carcinoma, which was missed in the whole slide imaging (WSI) evaluation. (A) Low power magniﬁcation showing several lymph nodes
included in the slide; (B) higher magniﬁcation showing the two areas of interest located in the centre of the largest node (green squares); (C) higher
magniﬁcation of the area identiﬁed with the large green square in B, showing a lipogranuloma with a large fatty vacuole and giant macrophages in
the periphery; (D) higher magniﬁcation of the area identiﬁed in the small green square in B, showing a small nest of metastatic carcinoma cells,
which were missed in the WSI evaluation.
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indicating that a higher magniﬁcation does not seem to be rele-
vant for most cases. This scanning strategy which is used in
most validation studies,15 17 19–21 23 28 signiﬁcantly saves scan-
ning time and storage requirements. However, when WSI is rou-
tinely used for primary diagnosis it is very likely that the
pathologist would require an increase in the scanning magniﬁca-
tion in a small percentage of cases to safely establish the diagno-
sis. Although no formal timing was performed, the pathologist
doing the WSI evaluation perceived the diagnostic process to be
a little slower.
The main strength of our study is that it is the largest valid-
ation study focused on gynaecological pathology that includes a
sufﬁcient number of cases to allow robust statistical power.
Indeed, only one published study has analysed the correlation
between WSI and CLM in the evaluation of frozen section diag-
nosis of 52 ovarian lesions, showing that, as observed in our
study, the correlation between CLM and WSI diagnoses is very
good.11 The second strength of our study is that the participat-
ing pathologists were aware of the clinical information which
could affect the diagnostic outcome.
The main limitation of this study is that intraobserver variabil-
ity, which is considered the best design to conﬁrm the reprodu-
cibility of the results obtained with two different techniques,
was not evaluated.38 However, the very good interobserver
reproducibility observed in our series suggests that very similar
data would be obtained when cases are evaluated by the same
observer.
A potential advantage of WSI is that it allows performing
image analysis. This may assist in the objective evaluation of the
size of the tumours and the depth of the invasion, which are
relevant information for tumours of the vulva, cervix and endo-
metrium. Eventually, this may even permit computer-assisted
diagnosis that could help improve the diagnosis and decrease
interobserver variability. Several legal issues have arisen from the
use of WSI for primary diagnosis related to image quality, image
presentation (monitor quality), storage space, adequate backup,
document transfer, patient conﬁdentiality and the conﬁdence of
the pathologist to sign out a pathology report depending on
WSI. Most of these issues will probably be settled in the near
future. Several digital pathology vendors are currently seeking
approval from the US Food and Drug Administration to use
WSI in primary diagnosis, which will deﬁnitely encourage the
general use of this technique.
In conclusion, the diagnosis of gynaecological specimens
using WSI shows a high concordance with the results of CLM
evaluation. Our results conﬁrm that WSI may safely be used for
performing primary histological diagnosis of gynaecological
specimens.
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